The aim of the study is to assess the predictors of failure of percutaneous coronary intervention (PCI) of chronic total occlusion (CTO) lesions using a retrograde approach. Methods: The present study retrospectively enrolled all 211 patients who underwent retrograde CTO PCI from January 2009 to December 2015 at Shanghai Institute of Cardiovascular Disease. Multivariate Cox regression analysis was used to assess potential predictors of retrograde CTO PCI failure including sex, vascular access site, sheath size, prior PCI, prior coronary artery bypass grafting, history of myocardial infarction, target vessel of CTO, J-CTO score, retrograde wire crossing collaterals, and reverse controlled antegrade and retrograde subintimal tracking (CART) use. Results: Of the 211 patients studied, retrograde CTO PCI was successful in 115 (54.5%) patients, and in an additional 46 (21.8%) with an antegrade approach after retrograde failure. For the 50 (23.7%) patients who failed both retrograde and antegrade approaches, the most common (50% [25/50]) reason was inability to cross collaterals with the retrograde wire. This group of patients had fewer instances of a prior PCI (P < 0.05). Retrograde CTO PCI failure rate was lower with increasing sheath size and with either radial-only or one radial and one femoral access versus femoral-only access (P < 0.05). A multivariate Cox regression analysis showed that the inability to cross collaterals with the retrograde wire (hazard ratio, 5.52 [95% confidence interval, 2.08-12.81]; P < 0.001), no prior ]; P = 0.01), and no reverse ; P = 0.03) were an independent predictors of retrograde CTO PCI failure. Conclusion: Independent predictors of retrograde CTO PCI failure were the inability to cross collaterals with the retrograde wire, no prior PCI, and no reverse CART use. Vascular access site and sheath size do not have effect on the success of the retrograde approach.
iNtRoductioN
Although chronic total occlusion (CTO) lesions have been reported in 18.4%-26.4% of patients with obstructive coronary artery disease, [1, 2] their recanalization was attempted in only 2.4%-15% of cases with percutaneous coronary intervention (PCI), [2] [3] [4] with most cases treated with coronary artery bypass grafting (CABG) or medical therapy.
Studies have demonstrated that successful percutaneous recanalization of CTO is associated with reduction of symptoms, improvement of left ventricular function and a reduction of CABG, [5] [6] [7] [8] and even mortality. [7] However, the success rate of CTO PCI, even with retrograde approach, remains low compared with that of non-CTO PCI. [9] [10] [11] [12] [13] [14] [15] [16] Our and others' previous studies have documented that inability to cross collaterals with the retrograde wire is a significant contributor in the failure of retrograde technique. [15, 16] The access site may also influence the failure rate of retrograde CTO PCI, being lower with the femoral route; [17] however, few studies have analyzed the effect of access site on the success rate of retrograde CTO PCI. [18, 19] The present study aimed to determine the independent predictors of retrograde CTO PCI failure in a high volume, single center.
Methods

Study population
The present study retrospectively enrolled all 211 patients in whom PCI for a coronary CTO was attempted with retrograde approach between January 2009 and December 2015 at Shanghai Institute of Cardiovascular Disease. All patients in this study had at least one CTO lesion and exercise-induced angina, but no previous PCI attempt with retrograde approach. No clinical exclusion criteria were applied. The study complied with the Declaration of Helsinki and was approved by the Institutional Ethics Review Board. All patients provided general informed consent.
Clinical definitions
A CTO lesion was defined as thrombolysis in myocardial infarction (TIMI) 0 flow in the target vessel lasting for over 3 months. Duration of occlusion was determined by the interval from the last episode of acute coronary syndrome based on clinical symptoms or proven by the previous angiography. When the duration was unclear, the angiographic image was reviewed by two experienced operators to decide whether it was a CTO or not.
Exclusion criteria based on CTO lesions were: (1) the target CTO vessel was related to a myocardial infarction (MI) <3 months prior; (2) a CTO duration of <3 months even without a history of MI; (3) concomitant conditions, such as valve disease, requiring cardiac surgical treatment; (4) severe health conditions that rendered retrograde CTO PCI intolerable; and (5) nonretrograde CTO PCI.
Angiographic assessment of collateral connections (CC) was based on Werner's classification: CC0 -no continuous connection between donor and recipient artery; CC1 -continuous, thread-like connection; and CC2 -continuous, small side branch-like size of the collateral throughout its course. [20] Major adverse cardiac events were a composite of cardiac death, MI, and target vessel revascularization (TVR), either percutaneous or surgical. All deaths were considered cardiac unless otherwise documented.
A non-Q-wave, PCI-related MI was defined as the elevation of cTn values (>5 × 99 th percentile upper reference limit [URL]) in patients with normal baseline values (≤99 th percentile URL) or a rise of cTn values >20% if baseline values were elevated and stable or falling. [21] When there were new pathological Q-waves in the electrocardiogram in addition to enzyme elevation, the event was defined as a Q-wave MI. TVR was defined as repeat revascularization within the treated vessel. Angiographic success was defined as restoration of TIMI flow Grade 3 with stent implantation in the occluded segments and residual stenosis <20% by visual estimate.
Retrograde techniques
Techniques for retrograde approach have been described in detail in previous studies by our center. [15, 16] 
Statistical analysis
Continuous variables are presented as mean ± standard deviation and were compared using the Fisher exact test and if normally distributed, with a two-tailed independent samples t-test. Categorical variables were represented as numbers and percentages and were compared using a Chi-square test. A two-tailed P < 0.05 was considered statistically significance. Multivariate Cox regression analysis was used to assess potential predictors of retrograde CTO PCI failure including sex, vascular access site, sheath size, prior PCI, prior CABG, history of MI, target vessel of CTO, Japan-CTO (J-CTO) score, retrograde wire crossing collaterals, and reverse controlled antegrade and retrograde subintimal tracking (CART) use. Statistical analyses were performed using SPSS 15.0 statistical software package (SPSS Inc., Chicago, IL, USA)
Results
Baseline patient and lesion characteristics
Of the 211 patients studied, retrograde CTO PCI was successful in 115 (54.5%) patients, and in an additional 46 (21.8%) with antegrade approach after retrograde failure. Among patients who failed both retrograde and antegrade approaches, the mean age was greater than in patients with successful retrograde CTO PCI, and frequency of prior PCI was lower than in patients with successful retrograde or retrograde-antegrade CTO PCI [P < 0.05; Table 1 ]. 
Target vessel and history of percutaneous coronary intervention
Failure rate of previous target CTO PCI was similarly distributed among the three groups (P > 0.05). Right coronary artery (RCA) and left anterior descending (LAD) were more common than the left circumflex as the target CTO vessel, which was similarly distributed among the three groups (P > 0.05) [ Table 2 ]. Seven patients had an in-stent occlusion, two with LAD CTO, and five with RCA CTO.
Annual number and success rate of retrograde chronic total occlusion percutaneous coronary intervention
The number and success rate of retrograde CTO PCI were: 12 and 91.7% (11/12) 
Effect of vascular access site and sheath size on success rate of retrograde chronic total occlusion percutaneous coronary intervention
Retrograde CTO PCI was performed using radial-only access in 70 patients, one radial and one femoral in 74, and femoral only in 67 patients, with success rate of 70% (49/70), 71.6% (53/74), and 88.1% (59/67), respectively (P < 0.05). Failure rate decreased with increasing sheath size (P < 0.05). However, J-CTO score did not differ significantly among access sites or sheath sizes, and the latter did not differ significantly among J-CTO score groups (P > 0.05) [ Tables 3 and 4 ].
Techniques for retrograde approach
Retrograde approach as the first choice was performed in 11.8% (25/ 
Reasons for failure of retrograde chronic total occlusion percutaneous coronary intervention
The most common reason for failure of both the retrograde and antegrade approaches was inability to cross collaterals with retrograde wire in 50% (25/50), followed by inability to cross CTO lesion with retrograde wire in 22% (11/50) of patients. In 12% (6/50) of patients, the reason was inability to cross the collaterals with microcatheter. Other reasons included damage of collateral (4% [2/50]) and the patient's intolerance 6% (3/50). Among the latter 3, the retrograde wire advanced into the coronary sinus in one patient; a second patient experienced acute donor artery occlusion and a stent was implanted immediately in the donor artery and retrograde technique discontinued; and in the third patient, a large hematoma formed at the femoral puncture site with hypotension.
Independent predictors of failure of retrograde chronic total occlusion percutaneous coronary intervention
In a multivariate Cox regression analysis, the independent predictors of retrograde CTO PCI failure were inability to cross collaterals with retrograde wire (hazard ratio, Eleven patients with collateral perforation were treated with coils, including eight in success of retrograde group, one in failure of retrograde and success of antegrade group, and two in failure of both retrograde and antegrade group. In one patient, the coils were implanted into collaterals both antegradely and retrogradely. There were two patients with collateral perforation treated with fatty tissue and self-blood clot, respectively. No patient was converted to CABG. There was no death during the time of hospitalization.
discussioN
The three main findings of the present retrospective, single-center study were: (1) predictors of retrograde CTO PCI failure were inability to cross collaterals with retrograde wire (the most common reason for failure), no prior PCI, and no CART technique use; (2) J-CTO score did not influence the failure rate of retrograde CTO PCI, which was higher for the femoral approach compared with radial or one radial and one femoral or radial approach; and (3) the rates of complications of retrograde CTO PCI were low except for that of PCI-related MI.
Since first reported in 1990, [22] PCI for CTO has gained traction over recent years due to the advent of dedicated devices and the introduction of new techniques. However, a large proportion of patients with CTOs continue to be managed by medical treatment or CABG, [3] especially those with low J-CTO score-predicted success rate. CTO PCI is complex and time-consuming, [23] and the retrograde approach remains technically challenging for complex CTO lesions not amenable to antegrade techniques.
One of the independent predictors of successful guide wire crossing within 30 min is a previously failed lesion. However, the latter finding was not reproduced in the present study. On the contrary, patients in whom both retrograde and antegrade approaches failed had a lower incidence of prior PCI than those in whom retrograde or antegrade approaches were successful. There are several explanations for the latter finding: (1) previous history of PCI grants operators a better chance to understand target vessel morphology and analyze the obstacles which might be encountered while carefully considering the techniques to be used in the current retrograde CTO PCI and (2) J-CTO score is used for prediction of wire passage of CTO lesion. However, in the present study, previously failed lesion or J-CTO score were not independent predictors of failure of the retrograde approach, which may be because when retrograde technique is required during CTO PCI, an attempt with antegrade is usually considered as preparation for the guidance of retrograde wire crossing the lesion or preparation of reverse CART.
In recent years, the use of radial approach has been increasingly favored for coronary PCI, with a significant decrease in the use of femoral artery access. [17, 24] Usually, after coronary angiography is done by radial access, retrograde technique is performed using bilateral radial approach or one radial and one femoral approach. It has the advantage of less discomfort compared with bilateral femoral approach. However, few studies have investigated the association between transradial or transfemoral access or sheath size and success rate of retrograde technique. [17, 18, 25] Previous studies have shown that the procedural success rates were not statistically different for CTO PCI, and when only cases with J-CTO scores of > 3 were examined, the transradial group had a significantly lower success rate than the transfemoral group. [18, 25] In the present study, the success rate of retrograde CTO PCI was lower for radial, bilateral radial or one radial, and one femoral approaches than for bilateral femoral approach. However, the success rate of retrograde CTO PCI was significantly higher for one 6F and one 8F, or 7F both or larger, than for other sheath sizes. The latter results suggest that when retrograde approach is considered during CTO PCI, using femoral access and 7F or larger sheath would be preferred. It is believed that a larger sheath size has a larger inner space to hold more devices thereby providing additional support for complex CTO lesions, which might be the reason for the higher success rate. However, the present study also showed that access site and sheath size are not independent predictors of retrograde CTO PCI failure. A larger sized catheter can provide more support and hold more devices for antegrade technique, such as intravascular ultrasound (IVUS) and microcatheter together, among others. In retrograde approach, the support is easily obtained with RG3 wire externalization. When IVUS was used to localize the retrograde wire, it was unnecessary for the antegrade catheter to hold the microcatheter and IVUS simultaneously, which might be the reason why access site and sheath size were not predictors of retrograde approach failure. Attention should be paid to avoiding complications of femoral access as illustrated by the patient who developed a large hematoma at the femoral access site accompanied by hemodynamic instability which led to procedure discontinuation.
In the present study, the success rate of retrograde CTO PCI decreased after 2009. The reason might be related to the selection of much more complex cases for retrograde approach in recent years. In early years, collaterals might have been adequate for retrograde wire crossing, while later, more complex cases with harder-to-cross collaterals might have been selected.
For retrograde approach, wire passage of collaterals is the most important factor for prediction of the success rate of CTO PCI. Our previous study showed that success rate was higher after retrograde wire crossing of collaterals than for the failure group. [15] After wire crossing collaterals, several additional techniques can be performed, such as reverse CART and kissing microcatheter, among others, to facilitate retrograde wire passage of the CTO lesion and into the antegrade catheter. If the retrograde wire fails to cross the CTO lesion, another attempt with antegrade technique can be performed immediately. Since the retrograde wire can show CTO body morphology, success can be more readily achieved with the antegrade wire in this situation. As shown in the present study, antegrade approach succeeded in 46 patients after failure of retrograde technique, which underscores the previous findings [15] and favors immediately conversion to antegrade approach if retrograde approach fails. In the present study, the retrograde wire failed to cross the CTO lesion in 11 patients, which usually happens with long, tortuous lesions, and sometimes with calcification [26] and is the another cause of retrograde CTO PCI failure. The third reason for failure of retrograde is inability of the microcatheter to cross the collateral, which was more common during the early years of CTO PCI practice, but may still happen occasionally, particularly, when the collaterals are severely tortuous or have a large angle, among other circumstances. New microcatheters, such as Caravel, Finecross GT, and Corsair Pro, are still unavailable in China.
Rates of complications for retrograde technique were low except for PCI-related MI. In the present study, PCI-related MI was evaluated by troponin T which is more sensitive to detect myocardial damage after CTO PCI, [15] which probably explains why PCI-related MI rate was higher than in the previous studies. Pericardial tamponade developed in 1.9% of patients. No patient was transferred to emergency CABG. Injury of collateral is common during retrograde approach; however, immediate treatment with a coil can prevent pericardial effusion and transfer to CABG. Sometimes, the coil should be implanted into the collateral both antegradely and retrogradely to prevent pericardial tamponade.
Limitations
The present study has several limitations. First, because of its retrospective observational design with enrolment over 7 years, there is heterogeneity in techniques and devices used for CTO PCI during the study, such as more recent use of a hybrid approach and availability of devices, such as Gaia series wires. Furthermore, the volume of retrograde approach for each operator was not high enough at the beginning of retrograde approach use. However, because all operators in this study are high-volume CTO operators and basic retrograde approach technique did not change much from 2009 to 2015, the results of the present study are of significance for future management of CTO PCI. Second, although retrograde CTO PCI usually is performed after failure of antegrade approach, retrograde approach can be the first choice, especially when the collaterals are clearly seen and not tortuous. Moreover, because switching between retrograde and antegrade techniques can be carried out several times, some cases cannot be simply considered as failure of retrograde and success of antegrade approach. However, the aim of the present study was to evaluate predictors of failure of retrograde CTO PCI, and therefore it does not affect the study results. Finally, because there were seven groups of sheath sizes, selection bias for this parameter cannot be ruled out, warranting further study with more cases.
coNclusioN
In the present retrospective, single-center experience, the inability to cross collaterals with retrograde wire, no prior PCI, and lack of use of reverse CART were independent predictors of retrograde CTO PCI failure. These predictors would suggest that the future of retrograde CTO PCI should be focused on how to improve the success rate of retrograde wire crossing collaterals. Vascular access site and sheath size do not have effect on the success of retrograde approach.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
